The attempt to define the part played by blood electrolytes in the symptoms of disease is beset by a number of difficulties, of which perhaps the most fundamental is the difficulty of distinguishing a simple association from a true causal relation. As flame photometry provides us with sodium and potassium concentrations in the serum of larger numbers of patients, the symptoms associated with high or low serum concentrations of these electrolytes increase in number, but not necessarily in significance. This difficulty might be met in theory by correcting the biochemical abnormality and observing the disappearance of symptoms; but the attempt to do this brings us up against the second difficulty, that the electrolyte present in serum, and thus readily available from sampling, is in dynamic equilibrium with a much larger amount of the same electrolyte in cells or in extracellular fluid. It is therefore virtually impossible to change serum concentrations without modifying either the cellular content of electrolyte or the distribution of body-fluid. The relative amounts of some electrolytes in the plasma compartment and in the whole body are set out in Table I . TABLE I Amount (mEq.) in: Extracellular Electrolyte Plasma fluid Bone Body (70 kg.) Sodium 420 1,260 1,500 3,500 Potassium 15 45 250 4,000 Magnesium 6 18 920 1,750 Calcium 15 45 57,500 58,000
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The attempt to define the part played by blood electrolytes in the symptoms of disease is beset by a number of difficulties, of which perhaps the most fundamental is the difficulty of distinguishing a simple association from a true causal relation. As flame photometry provides us with sodium and potassium concentrations in the serum of larger numbers of patients, the symptoms associated with high or low serum concentrations of these electrolytes increase in number, but not necessarily in significance. This difficulty might be met in theory by correcting the biochemical abnormality and observing the disappearance of symptoms; but the attempt to do this brings us up against the second difficulty, that the electrolyte present in serum, and thus readily available from sampling, is in dynamic equilibrium with a much larger amount of the same electrolyte in cells or in extracellular fluid. It is therefore virtually impossible to change serum concentrations without modifying either the cellular content of electrolyte or the distribution of body-fluid. The relative amounts of some electrolytes in the plasma compartment and in the whole body are set out in Table I . Note.-A plasma volume of 3 litres and extracellular fluid volume of 9 litres are assumed. Estimated from various sources, including Shohl (1939) . Non-ionic Ca and Mg are included. The accessibility of extravascular electrolyte naturally varies, and electrolyte in bone is likely to be less rapidly mobilized than that in extracellular fluid. For potassium, which is mainly an intracellular electrolyte, it has been shown by the use of '3K that exchange across the capillary wall is so rapid that over 90% of the potassium entering the kidney in the plasma is exchanged during one renal transit (Black et al., 1956) . These considerations make it seem likely that any abnormality in a serum electrolyte is attended by a corresponding or even greater alteration in the extravascular moiety of that electrolyte, which may be the real cause of any given symptom. Moreover, an abnormal serum electrolyte pattern is often associated with shifts of body-water and alterations of acid-base balance which cannot be left out of account in relation to symptoms.
While these difficulties no doubt demand a critical approach to suggested relations between serum electrolytes and symptoms, they do not compel us to deny that such relations exist, nor do they obliterate the value of estimation of the serum electrolytes, when the results are considered in relation to the whole clinical picture. The recognition of syndromes is of value in directing investigation towards the serum electrolyte pattern, and through that to the underlying disturbances of electrolyte metabolism. The clinical changes associated with hypernatr mia and hyponatrmmia are much less definite than the changes which may accompany hyperkalhmia and hypokahemia. This may well be because changes in serum concentration of sodium are much less specifically tied to sodium metabolism than are the corresponding changes in potassium: serum sodium concentration is directy affected by hydration, serum potassium only indirectly.
Sodium.-The sodium of plasma is in effective continuity with the sodium of extracellular fluid, and about half the sodium in the body is extracellular. The concentration of sodium in plasma is altered by change in the amount of water in the body, as well as by change in the amount of sodium. The serum sodium may be low both in patients who are clinically dehydrated and in patients who are cedematous; the common factor in these superficially diverse situations is an excess of water in the body relative to sodium and its accompanying anions. On the other hand, the serum sodium can be raised by giving hypertonic saline, or by restricting the intake of water. Partly because of this variety of clinical states which may be associated with the same concentration of serum sodium, the present tendency is to look on serum sodium as an indicator of the osmotic pressure of body-fluid rather than 798 Pmoceedeain of th0 RoyalXSocdy of Medioine as a direct determinant of any special group of symptoms-a.viewpoint summ ed in the catch phrase "osmotic stuffing". The general validity of the view that sodium concentration reflects osmolarity of body-fluid rather than the state of sodiumn balance per se has recently been strengthened by the careful studies of Wynn and Houghton (1957) . They found that observed changes in serum sodium agreed very closely with those predicted from the change in water balance, and in the balances of sodium and potassium. The need to include change in potassium balance in order to predict change in serum sodium seems to me to show quite clearly that it is total psmotic balance, and not only sodium balance which determines sodium concentration in the body. From a clinical survey, Mason and Dryer (1957) have come to the same conclusion, that change in serum sodium level can be accountedfor by external balance of water and electrolytes, and that internal -shifts of sodium are of doubtful inportauce.
The symptoms ascribed to -hponatramia are probably due to lowered osmolarity of bodyfluid, and are seen in their least complicated form in water intoxication, as described clinically by Rowntree (1922) and Wynn and Rob (1954) . Hyponatnmiaa is also seen in 'sodium depletion, and'in patients with cedema who have been treated with alow-salt diet and diuretics. The symptoms include mental disturbances, at first apathy and disorientation, later convulsions and coma; variable alterations in the state of voluntaxy muscle, sometimes 'hypotonia and areflexia, in other patients cramp; and indications of smooth muscle disturbances, such as nausea and vomiting. The state of the circulation is variable, depending on associated hydration rather than on the serum sodium level. This is a confusing picture, but all the manifestations which I have mentioned have been reversed on occasion by hypertonic saline infusion, and I think they can be caused sometimes by hypo-osmolarity, although each of them has many other possible causes.
The symptoms associated with hypernatramia are perhaps even more difficult to assess, because the most common cause of hypernatremia is defective intake of water in a patient who is already apathetic or comatose. In hypernatrnmia due to primary aldosteronism (Conn, 1955) , or to.infusion of hypertonic saline, thirst is outstanding. This is also true of hypernatnemia of voluntary water depletion, but clinical water depletion is often caused by failure of the thirst mechanism, so that thirst may be absent, or at least unexpressed. Severe water depletion is associated with serious mental disturbance, of which hyperosmolarity is a likely cause; in lifeboats, suicide has been observed after the drinking of sea-water.
Potassium.-Although the potassium of serum is so small both in concentration and in total amount relative to the potassium of cells, the evidence for ascribing specific symptoms to change in serum concentration of potassium is much stronger than the corresponding evidence for sodium. Experimentally, the demonstration of the critical effect of potassium concentration in the fluid perfusing the heart goes back to the classical studies of Ringer in 1883; and similar effects have been observed in both smooth and striated muscle. Familial periodic paralysis has long been accepted as a clinical analogue, although periodic paralysis is not always associated with hypokal mia, and the importance of intracellular entry of sodium has recently been stressed (Conn et al., 1957) . Reversible muscle weakness has often been observed in states of potassium depletion, but the correlation with serum potassium concentration is not exact, being modified by the calcium concentration, the pH of serum, and no doubt other factors as well. A specific study of hypokalhmia has been made by Surawicz et al. (1957) who gave amounts of potassium sufficient to raise the serum level, but not to correct materially the intracellular deficit of potassium; the situation is less clear with hyperkalemia, which does not lend itself to leisurely observation before treatment is given. The most readily demonstrable effects of hypokalamia are those on skeletal and on cardiac muscle. Weakness, hypotonia and loss of reflexes represent an effect predictable from the experimental observations. Tetany has also been observed, however, sometimes during treatment and associated with hypocalcaemia; but also with normal levels of serum calcium. Fourman (1954) concludes that this second form of tetany associated with potassium depletion cannot be accounted for by changes in extracellular fluid, but is possibly related to increase in intracellular sodium. The cardiac abnormalities associated with hypokahemia include tachycardia and arrhythmia, and ECG changes such as flattening or inversion of the T wave and the appearance of a U wave. Increased susceptibility to the action of digitalis, therapeutic or toxic, is an important correlate of hypokalhmia. Although mental disturbances and paralytic ileus are often regarded as manifestations of intracellular potassium deficit, they have been seen to disappear, along with hypokalxemia, when only small amounts of potassium have been given (Surawicz et al., 1957) . More definitely associated with intracellular potassium depletion are those symptoms which have a definite counterpart in morbid anatomy, such as polyuria and thirst associated with vacuolar nephropathy, and cardiac failure associated with myocardial necrosis.
Hyperkalamia also has. notable effects on cardiac -and on skeletal muscle. With toxic levels of serum potassium,. the heart action becomes irregular, and. this may go oin to arrest in diastole, preceded by a period of idioventricular rhythm or of ventricular fibrillation. In addition, there is peaking of the T-wave, and later gross distortion of the QRS complex. Paresthesix can be induced even in normal people by large doses of oral potassium. A few patients with hyperkalaemia have had paralysis, which may be widespread and ascending, with diaphragmatic involvement.
Magnesium.-Reliable estimations of the concentration of magnesium in plasma are much less generally available than accurate sodium and potassium concentrations. The clinical picture of magnesium depletion and excess is still ill-defined, quite apart from its analysis into effects of serum-concentration changes and effects of intracellular depletion. Excess of magnesium, which may occur in uremic patients given magnesium salts, has caused drowsiness and coma. Riedesel and Folk (1954) have made the intriguing observation that the serum magnesium is increased in hibernating bats. Wacker and Vallee (1957) have found that the serum magnesium was commonly raised in patients with renal failure, and could be lowered by dialysis, with apparent relief of drowsiness and muscle weakness, and reversion towards normal of an ECG pattern similar to that of hyperkalremia, but not associated with a serum potassium high enough to account for the changes.
Moderate depletion of magnesium has been induced experimentally in man, with no very definite clinical effects (Fitzgerald and Fourman, 1956 ). More extensive depletions have arisen in patients losing fluid, with replacement over long periods by solutions not containing magnesium. The reported symptoms include muscle twitching and tremor, agitation and delirium, and convulsions leading to coma (Flink et al., 1957) . Card (1958) has observed a patient with massive loss of fluid from an ileostomy who had an episode of clear-cut agitation which responded critically to the infusion of magnesium; this patient showed no tremor, tetany or increase in reflexes. In treating disturbances of fluid and electrolyte balance, it is usually necessary and sometimes vital to obtain quantitative estimates of the disturbances. This is especially so in the presence of renal disease, where accurate assessment of the quantities of water and electrolytes used in treatment is often essential. Unfortunately, the techniques of medical "spacemanship", the measurement of total body water, the blood volume and body content of electrolytes are too complicated to be used in clinical practice. We have to use instead various indirect indices of the disturbances. Which indices are used is to a large extent a matter of taste. I propose to deal with those which I have found to be useful additions to the purely clinical assessment of disturbed water and electrolyte balance.
(1) Volume packed cells (VPC) or haemoglobin.-When the extracellular fluid compartment is reduced in volume, the volume of packed cells and hemoglobin concentration rise. The rise can be used as an index of underhydration. For every 2 % rise in VPC over 45 %, or for every 017 gram/100 ml. rise in hemoglobin over 15 grams/100 ml., the patient lacks not less than 150 ml. fluid. The composition of this fluid varies in different circumstances, but generally is equivalent to J to I isotonic extracellular fluid.
Obviously this assessment is liable to various errors, particularly if the patient was anemic before the onset of underhydration or has lost blood as well as other fluids during the course of his illness or operation. In practice these errors limit the use of this index in most circumstances but it is of special value as a guide to plasma or dextran therapy in burns. These plasma expanders should be given at such a rate as to maintain the VPC at a level not greater than 45%.
(2) Plasma specific gravity.-When the extracellular fluid compartment is reduced in 44* volume without loss of serum proteins, the concentration of proteins rises in the same way as the VPC. The total plasma protein concentration is very easily estimated by determining the plasma specific gravity (PSG) by the copper sulphate method (Phillips etal., 1950) .
The normal PSG is 1 * 027 and for each rise of 0001 over this figure, an adult patient lacks not less than 200 ml. of fluid. Again, the composition of this fluid will vary, but in general, because cellular and extracellular fluid are lost, the water must be accompanied by the appropriate ions for the two compartments.
It is usual to give only the extracellular ions Na, Cl and HCO3 immediately, and to delay the giving of intracellular ions, particularly potassium, until later. This is because there is often a high concentration of potassium in the extracellular space in underhydration and immediate further additions may prove fatal. Time must be given for the circulation to improve so that the cell space will accept the added ions. Thus, it is usually best to administer Na-containing fluids of a strength from a half to a third of isotonic. This is done by administering bottles of 5% glucose between bottles of isotonic Na-containing fluids. The proportion of NaCl to either NaHCO3 or sodium lactate (which is converted to NaHCO3) administered will depend on the state of acid-base balance. KCl may be added at the rate of 2 grams per litre of infusion fluid once the urine flow exceeds 1 ml. per minute or, if possible, potassium should be given by mouth in doses of 5 to 10 grams/day.
The calculated Luantity of fluid should be given rapidly and may safely be infused as fast as an ordinary intravenous set will deliver it (approximately 1 litre in 20 minutes). Once the quantity is in the body, a few minutes should be allowed for equilibrium to occur and a further sample of blood taken for PSG estimation and a reassessment of further requirements of fluid and electrolyte.
The PSG as a criterion of underhydration is subject to the same type of error as given for the volume packed cells but, as the plasma protein concentrations vary much less than the hemoglobin and are replaced very rapidly following loss, the PSG is a much more generally useful indicator than the VPC.
(3) Venous pressure.-The measurement of the venous pressure is a valuable method of determining the cause of a state of circulatory inadequacy. In cardiac failure it is raised, while in the oligoemic states it is lowered. It can be measured by inspection of the neck veins when it is raised and, at all levels, can be measured by means of a venous catheter. Polythene venous catheters are very convenient routines for intravenous therapy and can be left in situ for many days. This has the additional advantage that during intravenous therapy the venous pressure changes can be continuously observed, using the transparent polythene catheter itself as the manometer. Indeed it should be a rule that measurements of venous pressure be made at intervals during infusions.
(4) Carbon dioxide combining power (CO2CP).-Although estimation of the CO2CP by itself does not give a complete picture of disturbances of acid-base balance, it is sufficient for clinical purposes. In alkalhmia it is raised and in acidemia lowered. Respiratory acidosis, in which it is also raised, can be distinguished clinically from metabolic alkaliemia because of the presence of cyanosis in the former. Respiratory alkalosis, in which the CO2CP is lowered, can be distinguished from metabolic acideemia by the fact that latent or overt tetany can be elicited in the former, despite the fact that other clinical manifestations are similar.
The following formula may be used to calculate the quantity of base required to correct acidemia in a normal-sized adult:
(27-x)50=mEq. NaHCO3 or sodium lactate required, where x is the patient's CO2CP.
In alkalbmia it is unnecessary to provide additional anion and it is sufficient to ensure that there is no underhydration or deficiency of potassium and sodium, particularly the former.
(5) Serum potassium.-In many conditions where underhydration results from loss of body fluids in vomiting or diarrhoea and also in some circumstances of renal failure patients may become severely depleted of potassium. Conversely, in other types and stages of renal disease potassium retention may occur. Unfortunately, measurement of the serum potassium and electrocardiography frequently do not reflect the body content of this ion. For example, almost any severe state of underhydration is associated with a raised or slightly raised serum potassium concentration even when the body as a whole is depleted of the ion. Despite this, a knowledge of the serum potassium concentration is important because a level above approximately 7 mEq. per litre indicates a danger of death from cardiac arrest while a level below approximately 3 mEq. per litre almost invariably indicates a deficiency of potassium. Where the blood level is abnormally high it should be lowered by administration of glucose and insulin and protection provided against the effects of the high concentration by giving calcium and sodium bicarbonate. Where a deficiency of potassium is suspected on clinical grounds or from the blood level it may be administered orally as KCl in doses of 5 to 10 grams per day or intravenously in a concentration not exceeding 2 grams per litre. Whichever route is used, it is a safe rule to avoid giving potassium unless the urine flow exceeds 1 ml. per minute.
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(6) Serum sodium.-The level of serum sodium frequently provides a guide to the distribution of water in the various body compartments but is often a bad indicator of the quantity of sodium in the body. For example a low serum Na concentration is often present in aedema, despite the presence of an excess of Na in the body.
High levels of serum Na almost invariably indicate cellular underhydration while low levels are usually associated with cellular overhydration. Cellular underhydration is usually managed very simply by the administration of water or 5 % glucose. The management of cellular overhydration will depend on the cause. Most frequently it results from sodium deficiency extracellularly and here the following formula may be used as a guide to Na requirements:
(140-x)50=mEq. Na required, where x is the patient's serum Na concentration. The calculated quantity of Na may be given as NaCl, NaHCO3 or sodium lactate depending on the state of acid-base balance. The route of administration should be by mouth where possible or intravenously, as for example a 10% solution in other circumstances.
These simple indices provide a guide to treatment but should not be allowed to sway one's clinical judgment. The cosmetic appearance of the electrolyte block is of far less importance than the clinical state. 
Dr. J. F. Goodwin (London): The Cardiographic Assessment of Electrolyte Imbalance
Disturbances of body calcium and potassium produce characteristic cardiographic changes, which are dependent mainly upon the extracellular concentration of these electrolytes. Cardiographic changes due to hypermagneswmia have been reported . Serum levels of potassium and calcium correlate roughly with the type and severity of cardiographic changes produced, but these changes are the result of a high or low concentration of the appropriate electrolyte within the heart muscle cells. If the heart muscle is already damaged by disease or under the influence of drugs, the characteristic alterations in the cardiogram may be modified or obscured. Furthermore, the serum concentration of electrolyte may not necessarily reflect the concentration within the heart, although it apparently usually does so.
(1) Disturbances of potassium balance.-(a) Hypokalkmia: The following changes are produced in the ventricular (QRST) complex of the cardiogram: (i) QRS amplitude increased. The principal effects of potassium depletion are to produce a progressive increase in the duration of systole, arrhythmias, and finally arrest of the heart in systole.
The QT interval is measured from the beginning of the Q wave to the end of the T wave and must be corrected for the heart-rate. This is usually achieved by Taran and Szilagyi's (1947) modification of Bazett's (1920) formula, so that QTc=QT/C, where QTc=corrected QT interval, QT=measured duration of systole and C=cycle length. The normal QTc is given as 0 38-0{39±0 04, and is a little longer in women than in men and children.
The QT interval, however, is sometimes difficult to assess owing to the development of large U waves, which may make accurate measurement impossible, or fallacious (McAllen, 1951) . However, in my experience, the QT interval can often be measured, and when this is possible, correlates reasonably well with the serum potassium level. Fig. 1 shows the changes in the cardiogram with different levels of serum potassium. The sagging and prolongation of the ST segment and T wave are very characteristic in well-marked hypokalemia, while the U wave may merge with the P wave of the next cycle or masquerade as the P wave in cases with nodal rhythm.
(b) Hyperkalemia: The principal abnormality is in the T wave which becomes tall, spiked, and often exceeds the QRS in amplitude. When the serum potassium reaches 8-0 mEq./l. conduction defects occur, especially intraventricular block, and there is considerable risk of ventricular standstill (Fig. 1) . When the serum potassium is raised, the QTc is usually in the normal range, possibly as a result of associated hypocalcsmia, except when the QRS is. prolonged (Fig. 2) .
(2) Disturbances ofcalcium balance.-(a) Hypocalcamia: A deficiency of ionizable calcium results in an increase in the duration of systole, and also an increase in the duration of the ST segment (Yu, 1952) . The appearances are different from those of hypokahemia, for the ST segment is not depressed, and U waves do not appear (Fig. 3). (b) Hypercalcemia: The QT interval becomes short so that the ST segment virtually disappears (Fig. 3) .
There are thus quite distinctive patterns in these four types of electrolyte disturbance. But the characteristic cardiographic changes may be considerably modified by the association of more than one electrolyte abnormality (such as hyperkalhmia and hypocalcaemia in ureemia), patients originally with hypokalemia. There * * is a negative correlation between QTc and serum potassium in both groups of cases, when the serum potassium is low, but not when it is elevated. Three cases with a wide QRS complex and long QTc with a high potassium level are shown with double circles. r low K+=-0 84. r high K =-0-69. and by co-existing cardiac disease (such as cardiac infarction, left ventricular hypertrophy, and pericarditis). Thus in chronic renal failure, the cardiogram may be influenced by hyperkaleemia, hypocalcemia, pericarditis, and left ventricular hypertrophy, and will not therefore always give an accurate picture of any single electrolyte disturbance. In order to evaluate more accurately the contribution of the cardiogram to the assessment of electrolyte disorders I have made a personal study of 113 cardiograms from 43 patients. These have been grouped according to the type of electrolyte disturbance found, as follows: The normal values for serum potassium are 3 5-5 0, and for serum calcium 4 5-5 0 mEq./1. Although the T waves were often augmented, this was not always the case. The maximum height of the T wave in health was found to be 13 mm. in a series of normal subjects studied by my former colleague Dr. 0. P. Malhotra (Malhotra, 1957) . In most of the hyperkalamic cases the T waves were smaller than this, and there was a poor positive correlation between the height of the T wave and the serum potassium concentration (r=0 58). Thus, the level of serum potassium can only be roughly judged from the amplitude of the T waves. The shape of the T wave was often more helpful, being narrow at its base, and tapering sharply to a point. Augmented T waves from other causes, such as posterior infarction and pericarditis, tend to have a wider base, but this difference was not always reliable.
Conduction disturbances and arrhythmias were present in 12 of 24 cases. Ventricular ectopic beats appeared at serum potassium levels of 5 9-6 mEq./l., while bundle branch block was present in all cases with a level of 8-0 mEq./l. or above (Fig. 1) .
Difficulties in interpretation also arose when associated cardiac lesions were present, especially acute pericarditis, and these will be discussed later.
The presence of augmented T waves is an important guide to the development of hyperkalemia, but need not occasion immediate anxiety about the patient's safety. However, when the serum potassium rises to 8-0 mEq./l. or more, serious conduction defects appear (Fig. 1) . The first sign of this dangerous situation is widening of the QRS complex, resembling bundle branch block. Nodal rhythm, or atrial standstill, is a common accompaniment and the prelude to cardiac standstill (Fig. 1) . The presence of such changes calls for immediate measures to lower the serum potassium level.
The assessment ofthe severity ofhypokalemia.-The severity of the ST segment abnormality and the size of the U waves afford a rough guide to the serum potassium level, but when the QTc can be measured, this correlates inversely with the serum level, becoming longer as the level falls (Fig. 2) . However, in a number of cases, the QTc cannot be measured, since the end of the T wave is obscured by the U wave. This was pointed out by McAllen (1951) , who considered that prolongation of the QT interval was not commonly associated with hypokalnemia. Personal experience suggests that in the diagnosis of hypokalemia the characteristic configuration of the ST segment, and the presence of the U waves is much more important than measurement of the QT interval. However, when this can be easily measured it is of some value in assessing alterations in the serum potassium level (Fig. 2) .
But the QTC is shortened by pericarditis which, if associated with hypokalhmia, may produce misleading cardiographic appearances (Fig. 4) potassium is rapidly lowered by dialysis or other means, the cardiographic changes usually follow the serum potassium level, but occasionally marked discrepancies may occur, the augmented T wave of hyperkalaemia persisting even when the estimated serum potassium level has fallen to normal. This may be because there is still an accumulation of potassium in the heart muscle and probably the cardiogram in these circumstances is a better guide to the potassium balance than is the biochemical level.
Hypocalcemia and hypercalcamia.-The numbers in the series are too small to permit of any deduction on the correlation between the cardiographic appearances and the serum calcium level, but Yu (1952) has shown a good negative correlation between the length of the QT interval and of the ST segment respectively, and the level of serum calcium.
Combined electrolyte disturbances.-The commonest combined disorder is probably hypocalcamia and hyperkalhmia, occurring in uremia, in which the ionizable calcium is known to fall because of phosphate retention. In two cases in the hyperkalhmic series the serum calcium was estimated and found to be reduced, and the association of augmented T waves with a long QT interval suggested coincident hypocalcmmia (Fig. 5) .
The influence of cardiac disease on the cardiogram of electrolyte imbalance.-Associated cardiac disease (pericarditis, cardiac infarction, hypertensive heart disease and infective endocarditis) produced confusing cardiographic appearances.
In a patient with systemic lupus, the serum potassium level was low, but the QTc was short, as a result of the pericarditis, which thus tended to obscure the changes of hypokalmmia (Fig. 4) . Braun et al. (1951) have reported a similar case in which the signs of pericarditis obscured those of associated hypokalemia. In the other cases with pericarditis, the serum potassium was high, and the pericarditis did not obscure the cardiographic signs of hyperkalkemia, probably because the former can produce similar tall T waves, although this did not occur in this series. Cardiac infarction caused difficulty in interpretation by partially masking the effects of severe hyperkalhmia. In one case atypical bundle branch block was associated with both posterior infarction and hyperkalkmia. The development of a wide QRS complex, and elevation of the ST segment in posterior leads raised the question of further posterior infarction, but the administration of glucose, lactate and insulin to reduce the potassium concentration caused the cardiogram to revert towards normal indicating that the changes were due to the hyperkalkmia.
In posterior infarction the prvcordial T waves tend to become tall and peaked, resembling those of hyperkalemia. These changes, which are reciprocal to posterior T-wave inversion, suggested hyperkalemia when the reverse was actually the case (Fig. 6 ). The increase in Section of Medicine 805 Q waves in leads II, III, and VF and the widening of the QRS complex in the second cardiogram were compatible with further infarction. Left ventricular hypertrophy and ischemic heart disease cause ST segment depression, and flattening or inversion of the T wave. The QT interval is usually prolonged and the changes of hypokalemia may therefore be masked.
In one case in this series, however (a patient with hypertension due to primary aldosteronism) prolonged hypokalemia appeared to mask the signs of left ventricular hypertrophy, which become manifest when the serum potassium was restored to normal. But hypokalkmia is well known to cause permanent myocardial necrosis and fibrosis, both in animals and in man, the degree of necrosis being proportional to the duration of the hypokalemia (McAllen, 1955; Macpherson, 1956) . Hypokalemic necrosis may therefore have been partly responsible for the T-wave inversion in this case. In one patient tall T waves due to hyperkalkmia were suppressed by the signs of left ventricular hypertrophy. The reverse may occur, for Sharpey-Schafer (1943) showed that T waves inverted by left ventricular hypertrophy became positive after potassium administration. Conversely, according to Bellet (1955) hyperkalaemia increases the degree of T-wave inversion due to infarction. Levine et al. (1956) showed that hyperkalhmia could produce changes in the cardiogram suggesting cardiac infarction or pericarditis which could be abolished by reducing the serum potassium. This suggests that local cardiac electrolyte disturbance may cause myocardial disturbance sufficient to produce currents of injury. Permanent damage to the myocardium from hyperkalmmia has not been reported, perhaps because prolonged severe hyperkalamia is incompatible with life. Digitalis and potassium deficiency.-The cardiographic signs of hypokalemia may be difficult to detect in the presence of marked digitalis effects upon the ST segment and T wave. It is important to realize this, for potassium deficiency potentiates the toxic effects of digitalis on the ventricular myocardium, and dangerous or fatal ventricular arrhythmias can occur in patients who are taking full doses of digitalis and then become depleted of potassium as a result of diuretic therapy. It is wise, therefore, to give potassium supplements by mouth to patients receiving digitalis and diuretics, especially chlorothiazide, which can cause considerable loss of potassium in the urine. In a personal case, a patient receiving digitalis and chlorothiazide without potassium supplements for heart failure had frequent short bursts of ventricular tachycardia. The serum potassium was 3-2 mEq./l., but the signs of potassium deficiency on the ST segment of the cardiogram were obscured by the digitalis effects, atrial fibrillation, and by right bundle branch block due to the cardiac lesion.
SUMMARY AND CONCLUSIONS The cardiogram is a good rough guide to the extracellular concentration of potassium and calcium. It is more useful than biochemical measurements in predicting dangerously low or high potassium levels. The cardiogram may be misleading in the presence of combined electrolyte disturbances, and of associated cardiac disease, especially cardiac infarction and left ventricular hypertrophy. Electrolyte disturbances may themselves counterfeit cardiac disease. The best guide to hypokalkmia is the characteristic deformity of the ST-T segment, the presence of U waves, and the prolongation of the QT interval when this can be measured. Hyperkalemia can be quantitated roughly by the height and shape of the augmented T waves, and by disturbances of conduction.
Hypocalcvmia and hypercalcemia can usually be diagnosed without difficulty. The ST and QT intervals are lengthened in the former and shortened in the latter, without abnormality of the ST segment or T wave. Cardiographic signs of hypoka1emia may be difficult to detect in the presence of digitalis effects, and the tendency for hypokalemia to potentiate dangerous digitalis arrhythmias is of great importance.
